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Abstract: We investigate the entanglement temperature of a small scale subsystem in
low excited states by using holographic method. Especially, we study the entanglement
entropy and entanglement temperature in higher derivative gravities which are considered
as low thermal excitation of pure AdS gravity. We find that the entanglement entropy
are related to the central charges of CFT living on the boundary. The relation between
the variance of entanglement entropy and energy of a small scale subsystem has been also
obtained. Furthermore, the relation is consistent with the first law-like relation that is
proposed by Phys. Rev. Lett. 110, 091602 (2013). Finally, we derive the formula of the
variance of entanglement entropy in general excited states in gravity background with the
Fefferman-Graham coordinates and the entanglement temperature can be figured out in
special case.
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1 Introduction
The AdS/CFT correspondence [1][2][3][4](also called by gauge/gravity duality) is a very im-
portant and fundamental relation which connects gravitational theories and quantum field
theories. As an application in [5] Ryu and Takayanagi proposed a frame work for calcula-
tion of entanglement entropy of conformal field theory through AdS/CFT correspondence.
Their approach is simple and elegant. The main point is that the entanglement entropy in
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field theory side can be mapped to an area of minimal surface in gravity side. The holo-
graphic entanglement entropy (HEE) have been proved in [6][7]. And there are so many
evidences [8][9][10] to confirm the correspondence within AdS3/CFT2. As application of
HEE, there are intensive studies [11–23] recently. More recently, in [24], a free falling par-
ticle in an AdS space mimic the holographic dual of local quenches and the HEE has been
computed to show the evolution of quantum entanglement. In [25], an analytical frame-
work for holographic counterpart of global quantum quenches. In [28], authors studied how
a small perturbation of HEE evolves dynamically through solving the Einstein equation in
AdS spaces.
In vacuum state entanglement entropy(EE) is proportional to the surface area(in many
models)[26][27] in the leading divergent term, which is the original motivation for relating
EE with black hole entropy. The EE is also an useful quantity to describe the quantum
correlations between the in and out side of a subsystem in QFT. The behavior of EE in
low excited states is also important to understand the quantum entanglement nature of the
system. This topic has been studied by many authors, for example [30][31]. The elegant
method of HEE could also be used to study the property of EE in low excited states of
CFT, which may be related with the background perturbation of the bulk.
In [32] the authors go on this study about the low thermal excited state in the holo-
graphic view, and more, they find an interesting relation between the variance of energy
and EE for the subsystem in low excited states of CFT, which is similar as the first law of
thermodynamics, i.e., ∆E = Teff∆S, where they also introduce a universal quantity Teff
called entanglement temperature, which is only related with shape of the subsystem.
In this paper we will study the property of EE after low excitation in the holographic
view. Considering that the HEE formula should have quantum correction when the bulk
theory has higher curvature terms[14][15][33], we expect new property of EE would appear
in low excited states. The general formula of HEE with the bulk theory containing ar-
bitrary higher curvature terms is still a open question needed to further study. But the
HEE formula for Lovelock gravity has been studied in [14][15] by comparing the logarithm
term with the CFT prediction. In terms of [15][14][20][34], one can study the HEE with
higher derivative gravity and see what will happen for the variance of EE of a small scale
subsystem. Furthermore, the energy momentum tensor will also include contribution from
higher derivative gravity. So it would also be interesting to investigate the first law-like
relation and entanglement temperature that are proposed in [32] then.
This paper is organized as follows. In section 2 we calculate the entanglement temper-
ature with roll ball profile and infinite stripe profile with a small scale in the 5-dimensional
Lovelock gravity and study correction of the first law-like relation for these subsystems. In
section 3, we extend to the holographic entanglement entropy and entanglement tempera-
ture for 7-dimensional Lovelock gravity. In section 4, we analyze the holographic entangle-
ment entropy and entanglement temperature in asymptotical AdS with Fefferman-Graham
gauged background in diverse dimension. Section 5 is devoted to conclusions and discus-
sions. We put some details of the computations in this paper in the Appendix.
While proceeding with this project, we learned that the small overlap topic in section
4 was also studied in recent papers [28][29] which are reminded by Tadashi Takayanagi and
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Mohsen Alishahiha.
2 Entanglement temperature in D=4 CFT with dual 5-dimensional Love-
lock gravity
In this section, we will calculate the entanglement temperature in the 4-dimensional CFT
with the dual 5-dimensional Lovelock gravity. To obtain the novel quantities, we should
calculate the variance of entanglement entropy after low thermal excitation in two examples,
i.e., the entangling surfaces are sphere and infinite stripe, and also the variance of the energy
within the subsystem.
2.1 HEE for 4-dimensional CFT
The 5-dimensional Lovelock gravity can be realized by adding the Gauss-Bonnet term[35]
to pure Einstein gravity theory. The theory can be described by the following action
I =
1
2ℓp
3
∫
d5x
√−g
[
R+
12
L2
+
λ5L
2
2
L4
]
, (2.1)
with
L4 = RµνρσR
µνρσ − 4RµνRµν +R2, (2.2)
and λ5 denotes the coupling of Gauss-Bonnet gravity and L stands for the Radius of AdS
background. In order to obtain a well-defined vacuum for the gravity theory, one has to
have λ5 ≤ 1/4. Additional constraint on the Gauss-Bonnet parameter λ5 by considering
the positivity of the energy flux and causality on the boundary theory is −7/36 ≤ λ5 ≤
9/100 [36–39]. The AdS Gauss-Bonnet (GB) gravity would admit a pure AdS solution[15],
ds2 =
L˜2
z2
(−dt2 + dz2 + dx21 + dx22 + dx23), (2.3)
L˜ is the effective AdS radius in Gauss-Bonnet gravity and is defined by L˜2= L
2
f∞
with
f∞ =
1−√1− 4λ5
2λ5
. (2.4)
The holographic entanglement entropy formula for the GB case is discussed in [14][15] [33].
The subsystem in a time slice of boundary is A, we recall that the HEE formula should be
SA =
2π
ℓ3p
∫
M
d3x
√
h
[
1 + λ5L
2R]+ 4π
ℓ3p
∫
∂M
d2x
√
hλ5L
2K, (2.5)
where the first integral is evaluated on the bulk surfaceM , the second one is on ∂M , which
is the boundary of M regularized at z = ǫ, R is the Ricci scalar for the intrinsic geometry of
M , and K is the trace of the extrinsic curvature of the boundary ofM , h is the determinant
of the induced metric on M . The second term in the first integral is present due to higher
derivative gravity in the background. The minimal value of the functional (2.5) would give
the entanglement entropy of the subsystem A.
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2.2 Variance of EE after low excitation
Our purpose is to discuss the variance of the entanglement entropy for the low excited
state of CFT from the holographic point of view. Following the logic given by [32], the low
exciting state of the CFT is dual to the asymptotical AdS background and the pure AdS
solution can be considered as the ground state of AdS GB gravity. Here we will assume
the low excited state with the dual gravity background as1[32]
ds2 =
L˜2
z2
(−f(z)dt2 + dz
2
g(z)
+ dx21 + dx
2
2 + dx
2
3), (2.6)
where f(z) ≃ g(z) = 1−mz4, m reflects the asymptotical behavior of gravity background
near the boundary. We identify the excitation as low thermal excitation in this paper.
In the next two subsections, we would like to discuss two special examples to see the
behavior of the variance of the entanglement entropy after the low thermal excitation (2.6).
2.2.1 Subsystem with a round ball configuration
In this subsection, we choose the subsystem A as a two-sphere with a radius R0 in a time
slice of the CFT living on the boundary. The bulk surface M can be parameterized as
r = r(u) and z = z(u), where r is the radial direction of the ball, with umin ≤ u ≤ umax.
So the induced line element on the bulk surface is
ds2D =
L˜2
z2
[(
(1 +mz4)z˙2 + r˙2
)
du2 + r2dΩ22
]
, (2.7)
where the dot denotes the derivative with respect to u. Following the notation of [15], we
define
huu = h
uu−1 =
L˜2
z2
(
(1 +mz4)z˙2 + r˙2
)
, F = ln
(r
z
)
. (2.8)
We can also get the intrinsic Ricci scalar of M
RD = e−2F 2
L˜2
− 4∆uF − 6huuF˙ 2, (2.9)
where ∆uF =
1√
huu
∂u(
1√
huu
F˙ ). The trace of extrinsic curvature K of the boundary ∂M is
K = − 2√
huu
F˙ |u=umin (2.10)
1We recall that the 5-dimensional Gauss-Bonnet-AdS black brane solution with a Ricci flat horizon is
given by [40]
ds
2
BB =
L2
z2
[
− f(z)dt2 + dx21 + dx
2
2 + dx
2
3 +
dz2
f(z)
]
,
f(z) =
1
2λ5
(
1−
√
1− 4λ5
(
1−
z4
z4h
))
,
where zh is the horizon of the black brane. The asymptotical AdS background (2.6) is actually the above
solution with the horizon zh far away from the boundary. So we may call this kind of excited state of the
CFT living on the boundary as the low thermal excitation.
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Plug (2.10) and (2.9) into (2.5), one can obtain
SA =
8π2L˜2
ℓ3p
∫
du
√
huue
2F (1 + L2λ5(e
−2F 2
L˜2
+ 2huu(F˙ )2)). (2.11)
It is convenient to parameterize r and z as following form
r(u) = f
(
u
R0
)
cos
(
u
R0
)
, z(u) = f
(
u
R0
)
sin
(
u
R0
)
, with ǫ ≤ u ≤ π
2
R0.(2.12)
Finally, we get SA as a functional of f(
u
R0
). The minimal value of functional SA corresponds
to the holographic entanglement entropy. We first need to get the surface that minimizes
the functional when the perturbation parameter m is turned off. SA is functional of f(x)
as
SA =
8π2L˜3
ℓ3p
∫ pi
2
ǫ/R0
dx
cos2(x)
sin3(x)
√
1 + (
d log f
dx
)2
(
1 + 2(
L
L˜
)2λ5(tan
2(x) +
cos−2(x)
1 + (d log fdx )
2
)
)
,
(2.13)
where we denote x=uR0 . One should note that we should introduce the regulation procedure
to make the SA to be finite. The regulation scale is denoted by the ǫ in (2.13). Using
Euler-Lagrange equation, we get
d
dx
[d log f
dx
cos2(x)
sin3(x)
(1 + 2f∞λ5 tan2(x)√
1 + (d log fdx )
2
− f∞λ5 cos
−2(x)
(1 + (d log fdx )
2)3/2
)]
= 0. (2.14)
One solution is that f(x) is a constant. We fix the boundary condition as f( uR0 ) = R0.
The the minimal surface can be parameterized as
r(u) = R0 cos(u/R0), z(u) = R0 sin(u/R0), with ǫ ≤ u ≤ π
2
R0. (2.15)
The holographic entanglement entropy for pure AdS state is
SA =
8π2L˜3
ℓ3p
∫ pi
2
ǫ/R0
dx
cos2(x)
sin3(x)
(
1 + 2(
L
L˜
)2λ5(tan
2(x) + cos−2(x))
)
. (2.16)
We formally turn on m 6= 0 (2.6)and consider it as a perturbation of the pure AdS back-
ground. Finally, we can consider the AdS-Gauss-Bonnet gravity with m as an excitation
state with comparing with pure AdS with radius L˜. Then the holographic entanglement
entropy after the excitation is the minimal value of the functional
S˜A =
8π2L˜3
ℓ3p
∫ pi
2
ǫ/R0
dx
cos2(x)
sin3(x)
√
1 +mz4z˙2
(
1 + 2(
L
L˜
)2λ5(tan
2(x) +
cos−2(x)
1 +mz4z˙2
)
)
.(2.17)
We can calculate the variance of the holographic entanglement entropy up to O(mR40) as
follows
∆SA = S˜A − SA (2.18)
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Considering the limit mR40 ≪ 1, we expand (2.17) to first order of mR40 ≪ 1 and use (2.15)
and then the variance of holographic entanglement entropy up to O(mR40) is
∆SA =
8π2L˜3
ℓ3p
mR40
∫ pi
2
ǫ/R0
dx(
1
2
sinx cos4 x− λ5L
2
L˜2
sinx cos4 x)
=
8π2L˜3
ℓ3p
(
1
10
− 1
5
λ5f∞)mR
4
0. (2.19)
In the procedure of getting (2.19), we assume that the bulk surface that corresponds to
the minimal functional does not change with turning on excitation. As appendix A shows,
the configuration of bulk surface is protected after the low excitation up to O(mR40). As a
consistent check, we reproduce the result given in [32] with the Gauss-Bonnet parameter
λ5 = 0. According to AdS/CFT correspondence, the Gauss-Bonnet gravity parameters
λ5 would related with the two kinds of central charges of the CFT side. The A-type and
B-type central charges [41] 2
c = π2
L˜3
l3p
(1− 2λ5f∞) , a = π2 L˜
3
l3p
(1− 6λ5f∞) . (2.20)
According to( 2.20), we can rewrite ∆SA as
∆SA =
4c
5
mR40. (2.21)
One can see that the variance of the entanglement entropy after the low thermal excitation
is related to the central charges of CFT. One will also see this property in entanglement
entropy of subsystem with an infinite stripe profile.
2.2.2 Subsystem with stripe configuration
In this subsection, we consider the subsystem with a stripe profile which is defined by
− l2 < x1 ≡ x < l2 and −l02 < x2, x3 < l02 where l0 is infinite. We also consider the AdS
Gauss-Bonnet solution (2.6) as a excitation of pure AdS gravity. Then the induced metric
hµν of the bulk surface after perturbation (or excitation) is
ds2S =
L˜2
z2
[(x˙2 + 1 +mz4)dz2 + dx22 + dx
2
3]. (2.22)
Where x is parameterized as x = x(z) and the dot stands for the derivative with respect
to z in this subsection. We denote
hzz =
L˜2
z2
(x˙2 + 1 +mz4), e2F =
L˜2
z2
. (2.23)
2Here we have used convention
〈T ii〉 =
c
16pi2
CijklC
ijkl −
a
16pi2
(RijklR
ijkl − 4RklR
kl +R2).
Where the 〈T ii〉 stands for the trace anomaly which have been well studied and a, c stands for different
kinds of central charges. The a and c are equal at the limit λ5 → 0 [15].
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The intrinsic Ricci curvature RS is
RS = − 4√
hzz
∂z(
√
hzzh
zzF˙ )− 6hzzF˙ 2. (2.24)
The trace of extrinsic curvature K of the boundary z = ǫ is
K = − 2√
hzz
F˙ |z=ǫ. (2.25)
Plug (2.24) and (2.25) into (2.5)
SA =
2πl20
ℓ3p
∫
dz
√
hzz
L˜2
z2
(1 + 2hzzF˙ 2). (2.26)
Firstly let’s turn off the perturbation, then the bulk is the pure AdS space. SA is a
functional of x(z) as follows
SA(m = 0) =
4πl20
ℓ3p
∫ z∗
ǫ
dz
L˜3
z3
(
√
1 + x˙2 + 2λ5
L2
L˜2
1√
1 + x˙2
), (2.27)
where z∗ is the maximal value of z on the surface in the bulk, which is controlled by the
following constraint
l
2
=
∫ z∗
0
dzx˙, (2.28)
with minimizing the functional (2.27), we get the following equation of motion
x˙
1− 2λ5f∞ + x˙2
(1 + x˙2)3/2
=
z3
z3∗
(2.29)
This is a cubic equation for x˙, there are three solutions for x˙. We are only interested in
the solution of this equation with λ5 is near 0. In this case, we can continuously connect
AdS Gauss-Bonnet gravity with the solution of λ5 = 0, i.e., the pure Einstein gravity. Here
we consider the pure AdS gravity as a ground state of AdS GB gravity. Assuming that
λ5 is close to 0 and λ5f∞ ≪ 1, we can solve the equation (2.29) with expanding as small
parameter λ5f∞. Up to the O(λ5f∞), we get
x˙ = (1 + 2λ5f∞)
z3
z3
∗√
1− z6
z6
∗
. (2.30)
Using the constraint (2.28), we can get z∗
z∗ =
lΓ(16)
2(1 + 2λ5f∞)Γ(23)
√
π
. (2.31)
With turning on the excitation (2.6), the functional of the entangling surface is
SA(m) =
4πl20
ℓ3p
∫ z∗
ǫ
dz
L˜3
z3
(
√
1 +mz4 + x˙2 + 2λ5
L2
L˜2
1√
1 +mz4 + x˙2
) (2.32)
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Using the conclusion in Appendix A we get the variance of the HEE is
∆SA = SA(m)− SA(m = 0)
=
2mL˜3πl20
ℓ3p
∫ z∗
ǫ
dzz
1− 2λ5f∞ + x˙2
(1 + x˙2)3/2
, (2.33)
Use ml4 ≪ 1 and plug the solution of x˙ (2.30) into (2.34):
∆SA =
2mL˜3πl20z
2
∗
(1 + 2λ5f∞)ℓ3p
∫ 1
ǫ/z∗
duu
√
1− u6
=
mL˜3
√
πl20l
2
20(1 + 2λ5f∞)3ℓ3p
Γ(13 )Γ(
1
6 )
2
Γ(23 )
2Γ(56)
≃ a
2π2
m
√
πl20l
2
10
Γ(13 )Γ(
1
6)
2
Γ(23 )
2Γ(56)
, (2.34)
where we use (2.20) in the last step. ∆S depends on the A-type central charge of CFT
living on the boundary with the assumption that λ5f∞ ≪ 1. (2.34) will reproduce result
in [32] with λ5 → 0.
2.3 Variance of energy and EE
In [32] they have proposed a universal relation between the variance of the energy and
the entanglement entropy for a small subsystem A on the boundary theory. The universal
relation induce a novel concept called by entanglement temperature. We would like to
obtain the entanglement temperature in higher derivative gravity. We apply to calculate
the boundary energy-stress tensor in the low excitation AdS Gauss-Bonnet background in
Appendix C. The t − t component of the energy-stress tensor [42][43] corresponds to the
energy density (C.8)
Ttt =
3mL˜3(1− 2λ5f∞)
2ℓ3p
(2.35)
For the sphere case, the variance of energy in the subsystem is
∆E =
2πm(1− 2f∞λ5)L˜3R30
ℓ3p
. (2.36)
The entanglement temperature defined by [32] is
1
Tent
=
∆S
∆E
=
2π
5
R0. (2.37)
We find that the relation is same as the result of [32] for the 2-sphere in the 4-dimensional
CFT. The dependence of the central charges of variance of entanglement entropy do not
appear for entanglement temperature. The entanglement temperature is proportional to
the inverse of R0. As we will see in d=7 dimensional Lovelock gravity the sphere would
also admit this property in the next section.
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For the infinite stripe, the variance of energy in the subsystem is
∆E =
3(1− 2f∞λ)mlL˜3l20
2ℓ3p
. (2.38)
The entanglement temperature is
1
Tent
=
∆S
∆E
=
a
c
√
π
30
Γ(13 )Γ(
1
6)
2
Γ(23 )
2Γ(56 )
l. (2.39)
Where we have used (2.20). The entanglement temperature in infinite stripe subsystem
is similar to the sphere case, but entanglement temperature depends on the two kinds of
central charges of CFT living on the boundary.
In limit ml4 → 0, the entanglement entropy in CFTs, as shown in (2.39), satisfies a
universal relation analogous to the first law of thermodynamics proposed by [32]. Compar-
ing with the exact result given by [32], one can find that the coefficient of l have included
the contribution from higher derivative gravity. With taking the λ = 0, one can reproduce
the coefficient of l in [32]. We find that the coefficient of l is no longer universal constant
that is only related to the shape of the entangling surface, but may be related with the
central charges of the CFT.
3 Entanglement temperature in D=6 CFT with dual 7-dimensional Love-
lock gravity
In this section, we will continue to study entanglement temperature in the D=6 CFT with
dual 7-dimensional Lovelock gravity.
3.1 HEE for 6-dimensional CFT
The cubic gravity interaction would appear in Lovelock gravity in 7 dimensional Lovelock
gravity[35]. The 7-dimensional Lovelock gravity action is
I =
1
2ℓ5p
∫
d7x
√−g( 30
L2
+R+
L2
12
λ7L4(R)− L
4
24
µ7L6(R)), (3.1)
where L4(R) is the curvature-squared term (i.e., the Gauss-Bonnet term) and L6(R) is the
cubic term, which is as follows [15]
L6(R) = 1
23
δν1ν2...ν6µ1µ2...µ6R
µ1µ2
ν1ν2 ...R
µ5µ6
ν5ν6 , (3.2)
where δν1ν2...ν6µ1µ2...µ6 is the totally antisymmetric product of Kronecker delta symbols.
The 7 dimensional Lovelock gravity also admit the pure AdS solution with the effective
radius L˜2 = L
2
f∞
, f∞ is one special root of following equation
1 = f∞ − f2∞λ7 − f3∞µ7, (3.3)
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where f∞ can go to f∞ = 1 with λ7, µ7 → 0 continuously. One can turn off the coupling
of cubic term to obtain the f∞ which is defined previous section (2.4).
The behavior of holographic entanglement entropy has been studied in [15] for the
Lovelock gravity. In this section, we are interested in the variation of holographic entan-
glement entropy after low excitation of pure AdS. For 7 dimensional Lovelock gravity, the
holographic entanglement entropy should be the minimal value of the following functional3
SA =
2π
ℓ5p
∫
M
d5x
√
h
(
1 +
λ7L
2
6
R− µ7L
4
8
(RµνκσRµνκσ − 4RµνRµν +R2)
)
+ Ssurfaceterm, (3.4)
where h is the determinant of the induced metric on the bulk surface M , Rµνκσ is the
Riemann tensor of M . The surface term is added to functional to make the variational
problem work well. Following [44], the surface term should be
Ssurfaceterm =
2π
ℓ5p
∫
∂M
d4x
√
h∂M
(λ7L2
3
K
− µ7L
4
8
(4RBK − 8RBijKij −
4
3
K3 + 4KKijKij − 8
3
KijKjkKik)
)
, (3.5)
where ∂M is the boundary of M , Kij and K are the extrinsic curvature and the trace of
extrinsic curvature on boundary ∂M , RBij and RB are the intrinsic Ricci tensor and Ricci
scalar of the boundary ∂M respectively. In the following part, we will discuss the case that
the entangling surface in the 6-dimensional CFT is a 4-dimensional sphere with radius R0.
3.2 Variance of EE after low thermal excitation
We continue to consider low thermal excitation for 6-dimensional CFT. For simplicity, we
choose µ7 = −λ
2
7
3
4.
The low thermal excitation of pure AdS in 7D Lovelock gravity can be expressed by
ds2 =
L˜2
z2
(−f(z)dt2 + dz
2
g(z)
+ dr2 + r2dΩ22), (3.7)
3 There is no general formula for HEE for higher derivative gravity as shown in [15]. For the entangling
surfaces with rotation symmetry, logarithm divergent term of HEE from the (3.4) is consistent with cal-
culation from pure CFT side. In this paper, we will only focus on the entangling surface is 4-dimensional
sphere in (3.4). Therefore, it is reasonable to use (3.4) as the formula for HEE. We refer readers to [15] for
more general discussion.
4Here we consider the pure AdS as a ground state of Lovelock gravity. Generally speaking, the third
order Lovelock gravity with general parameters [45] can not admit the black hole solution(3.6) without the
constrain condition µ7 = −
λ2
7
3
. With this condition, we can get a simple black brane solution[46]
ds
2 =
L2
z2
[
− f(z)dt2 +
dz2
f(z)
+
5∑
i=1
dx
i2
]
, (3.6)
f(z) =
1
λ7
(
1− (1− 3λ7
(
1−
z6
z6h
) 1
3
)
,
when zh is far away from boundary, we get (3.7).Here we get f∞ =
1−(1−3λ7)
1
3
λ7
by taking µ7 = −
λ2
7
3
into
(3.3).
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with f(z) ≃ g(z) = 1 − mz6, m is a parameter which corresponds to the asymptotical
behavior of the gravity background. The induced metric of bulk surface M is
ds2M =
L˜2
z2
(
(1 +mz6)dz2 + dr2 + r2dΩ24
)
. (3.8)
We parameterize the surface M as r = r(u) = f(u/R0) cos(u/R0) and z = z(u) =
f(u/R0) sin(u/R0), with ǫ ≤ u ≤ π2R, and define
huu =
L˜2
z2
(
(1 +mz6)z˙2 + r˙2
)
, F = log
(r
z
)
. (3.9)
Taking the parametrization of the bulk surface M into (3.4), we would get a functional of
f(x) as follows
SA =
2πL˜5S4
ℓ5p
∫ pi
2
ǫ/R0
dx
cos4(x)
sin5(x)
√
1 + (
d log f
dx
)2
[
1 +
λ7f∞
6
(12 tan2(x) + 12
1
cos2(x)
1
1 + (d log fdx )
2
)
− f2∞µ7
(
3 tan4(x)− 1
cos4(x)
(
1
1 + (d log fdx )
2
)2 + 6 tan2(x)
1
cos2(x)
1
1 + (d log fdx )
2
)]
. (3.10)
The details of the calculation is given in Appendix B. With turning off the low thermal
excitation, the minimal value of functional SA corresponds to the surface M :
r(u) = R0 cos(u/R0), z(u) = R0 sin(u/R0), with ǫ ≤ u ≤ π
2
R0. (3.11)
As shown in Appendix A, the low thermal excitation do not affect the configuration of
bulk surface up to O(mR60), we can calculate the variance of SA after the perturbation is
turned on ( 3.7).
∆SA =
2mR60πL˜
5S4
ℓ5p
∫ pi
2
ǫ/R0
dx
(1
2
sin(x) cos6(x) + λ7f∞ sin
3(x) cos4(x)− λ7f∞ sin(x) cos4(x)
− 3
2
f2∞µ7 sin
5(x) cos2(x)− 3
2
f2∞µ7 sin(x) cos
2(x) + 3f2∞µ7 sin
3(x) cos2(x)
)
=
mR60πL˜
5S4
7ℓ5p
(1− 2λ7f∞ − 3f2∞µ7)
=
mR60πS4
7
(−56B1
9
+ 128B2), (3.12)
where S4 is the volume of the 4-dimensional unit sphere. We have expressed the formula
in terms of the central charges of 6-dimensional CFT in the last step (3.12). Where we
have quoted the holographic expressions for the four types of central charges denoted by
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A,B1, B2, B3 [47]
5
B1 =
L˜5
ℓ5p
−9 + 26f∞λ7 + 51f2∞µ7
288
,
B2 =
L˜5
ℓ5p
−9 + 34f∞λ7 + 75f2∞µ7
1152
,
B3 =
L˜5
ℓ5p
1− 2f∞λ7 − 3f2∞µ7
384
,
A =
π3L˜5
ℓ5p
3− 10f∞λ7 − 45f2∞µ7
6
. (3.13)
In Appendix C we get the energy-stress tensor of CFT with the dual bulk background
(3.6). The variance of the energy is easy to obtain
∆E =
(
1− 2f∞λ7 − 3µ7f2∞
)
mR50L˜
5S4
2ℓ5p
=
mR50S4
2
(−56B1
9
+ 128B2). (3.14)
Both (3.12) and (3.14) show that the higher derivative gravity will make contribution
to the variation of entanglement entropy and energy-stress tensor, as we expected. The
entanglement temperature is
1
Tent
=
2π
7
R0 (3.15)
(3.12)(3.14) show that the variation of entanglement entropy and energy momentum tensor
of theory living on boundary should be related to CFT data. The behavior of entanglement
temperature (3.15) for the round ball shaped subsystem calculated in both 5-dimensional
and 7-dimensional Lovelock gravity cases do not depends on CFT data.
4 Entanglement temperature in aAdS
To extend our analysis about the entanglement temperature, we can consider background
in Fefferman-Graham coordinates corresponds to a special excitation of the dual CFT.
5In six dimensions, the trace anomaly can be expressed by [47]
T
i
i =
3∑
i=1
BiIi + AE6,
where
I1 = CijklC
jmnk
Cm
il
n, I2 = Cij
kl
Ckl
mn
Cmn
ij
,
I3 = Cijkl(δ
i
m∇
2 + 4Rim −
6
5
Rδ
i
m)C
mjkl
, E6 =
1
192pi3
L6,
where Cijkl is the Weyl tensor, L6(R) is defined as (3.2).
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4.1 Asymptotical AdS in Fefferman-Graham gauge
We assume the CFT is living on the d-dimensional flat space. The entangling surface is a
codimension 2 surface which is parameterized by the coordinate {xa}, with a = 1, 2, ...d−2.
And we use the Gauss coordinate, the other space coordinate is y, the metric is
ds2CFT = −dt2 + dy2 + hab(y, xa)dxadxb. (4.1)
To study the asymptotical AdS space, it is convenient to use the Fefferman-Graham coor-
dinates in background,
ds2FG =
L2
z2
(
dz2 + gij(z, x)dx
idxj
)
. (4.2)
It has been show that gij(z, x) allow an expanding as follows
gij(z, x) = g
(0)
ij (x) + g
(2)
ij (x)z
2 + ...+ g
(d)
ij (x)z
d +Hzd log z... (4.3)
Where the d is even. Via the conformal symmetry and Einstein equation the term g
(2k)
ij up
to order d− 2 and H can be computable from g(0)ij which is the dual boundary metric. g(d)ij
is undetermined by boundary metric. Our interesting case is the dual CFT lives on the
flat spacetime, i.e., g
(0)
ij = ηij. We consider the case that the term g
(2k)
ij up to order d − 2
and H are all vanishing. The asymptotical AdS is
ds2Bulk =
L2
z2
[
dz2 +
(
ηij + δηij(x)z
d
)
dxidxj
]
. (4.4)
Where we have denoted δηij ≡ g(d)ij . We can use (4.1) and write in an explicit form as
ds2Bulk =
L2
z2
[
dz2 − dt2 + δηtizddtdxi + dy2 + δηyizddydxi + (hab + δηabzd)dxadxb
]
.
(4.5)
We consider general low excitation of the pure AdS gravity would correspond to (4.5). We
can use the holographic method to analyze the variance of EE and relation with variance
of the energy of the subsystem.
4.2 Variance of EE and energy
When the excitation is turned off, i.e., the background should go back to pure AdS. We
can get the entanglement entropy of the subsystem A by minimizing the functional of bulk
surface M , which is parameterized as z = z(y). Here we have assumed the entangling
surface has the symmetry to make the parametrization possible. The induced metric gµν
on M is
ds2M =
L2
z2
(
(1 + z′2)dy2 + habdx
adxb
)
, (4.6)
where z′ ≡ dzdy .
S =
2π
ℓd−1p
∫
M
dydd−2x
√
g =
2πLd−1
ℓd−1p
∫
M
dydd−2x
√
1 + z′2
zd−1
√
h, (4.7)
– 13 –
with h ≡ det hab. We can find the minimal surface M0 with a solution z = z0(y). When
the excitation is turned on, the entanglement entropy would also make a change and the
induced metric on M would become g˜µν = gµν + δgµν ,
ds˜2M =
L2
z2
(
(1 + z′2 + δηyyz
d)dy2 + (hab + δηabz
d)dxadxb + δηyaz
ddydxa
)
, (4.8)
We use statement in Appendix A to get the variance of holographic entanglement entropy.
The perturbation does not change the shape of M up to O(δgµν). So we just need expand
the functional
S˜ =
2π
ℓd−1p
∫
M
dydd−2x
√
g˜. (4.9)
to O(δgµν) and keep the minimal surface to be M0 with z = z0(y).
S˜ =
2π
ℓd−1p
∫
M0
dydd−2x
(√
g(1 +
1
2
gµνδgµν +O(δg
2
µν))
)
(4.10)
Then we get
∆S = S˜ − S = 2π
ℓd−1p
∫
M0
dydd−2x
(1
2
√
ggµνδgµν +O(δg
2
µν))
)
. (4.11)
We can read δgµν by comparing (4.8) with (4.6). The result is
∆S =
πLd−1
ℓd−1p
∫
M0
dydd−2x
√
h
√
1 + z′20 z0
( δηyy
1 + z′20
+ habδηab
)
. (4.12)
Now we turn to calculate the variance of energy of the subsystem after the low excitation of
the ground state (pure AdS). The energy-stress tensor for the CFT living on the boundary
is
Tij =
dLd−1
ℓd−1p
δηij (4.13)
The conformal symmetry would restrict the energy-stress tensor to be traceless, i.e., Tijη
ij =
0. According to (4.13) δηij would also restrict to be traceless, in the coordinate (4.1) we
get
− δηtt + δηyy + habδηab = 0. (4.14)
The variance of energy of the subsystem A is
∆E =
∫
A
dydd−2x
√
hTtt =
dLd−1
ℓd−1p
∫
A
dydd−2x
√
hδηtt. (4.15)
Using (4.13)(4.14), we rewritten (4.12) as
∆S =
π
d
∫
A
dydd−2x
√
h
√
1 + z′20 z0
(
Ttt − z
′2
0
1 + z′20
Tyy
)
. (4.16)
The variance of holographic entanglement entropy (4.16) of the subsystem A is only related
to Ttt and Tyy, i.e., the variance energy density and the strength of pressure in the direction
normal to the entangling surface.
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4.3 Entanglement temperature with sphere profile
In this subsetion, we would like to consider the subsystem A to be an (d− 2)-dimensional
sphere with radius R0 as a example to investigate the entanglement temperature. We get
habdx
adxb = y2dΩ2d−2. It is easy to get the minimal surface M0, z0 =
√
R20 − y2, with
0 ≤ y ≤ R0. Taking this solution into (4.16), we get
∆S =
π
d
∫
A
dydd−2x
√
h
(
R0Ttt − y
2
R0
Tyy
)
(4.17)
We can rewrite the above formula in a more compact form by using ( 4.15),
∆S =
πR0
d
∆E − π
∫
A
dydd−2x
√
h
y2
R0
Tyy. (4.18)
We find that the second term on the right hand side of (4.18) is not linear dependence
on ∆E generally. There is possibility to break first law-like relation in some special cases.
We do not consider the dynamic constrain [28] of the perturbation of the bulk background
in this paper. At this stage, we have no exact statement about whether the first law-like
relation will be hold or not. The (4.18) shows that ∆S highly depend on the configurations
of subsystem and dynamic constrain of the perturbation.
In the low thermal excitation, δηtt and δηyy are constant. Here we take them to be
function of the coordinate y which is normal to the sphere. Generally speaking, we assume
δηtt =
∑
i
m(i)(
y
R0
)i, (4.19)
δηyy =
∑
i
n(i)(
y
R0
)i. (4.20)
The parameters m(i), n(i) ≪ 1. Taking (4.19) into (4.15), we get
∆E =
dLd−1Rd−10 Sd−2
2ℓd−1p
∑
i
m(i)
d+ i− 1 . (4.21)
Taking (4.19) and (4.20) into (4.12), we get ∆S,
∆S =
2πR0
d
∆E − πL
d−1Rd0Sd−2
ℓd−1p
∑
i
n(i)
d+ i+ 1
. (4.22)
Or by using (4.21),
∆S =
2πR0
d
(
1− A
B
)
∆E, (4.23)
with
A =
∑
i
n(i)
d+ i+ 1
, B =
∑
i
m(i)
d+ i− 1 . (4.24)
In this example, the ∆S is also proportional to the variance ∆E and the entanglement
temperature is related to m(i) and n(i), which correspond to the low excitation mode.
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When ni = m(i) = 0, for i ≥ 1, and n(0) = md ,m(0) = (d−1)md , (4.23) recover the result of
[32], i.e., ∆S = 2πR0d+1 ∆E.
This example shows that the first law-like relation and entanglement temperature is not
so obvious that it will need to be more carefully study. It is worth to study entanglement
temperature in subsystem with general configurations and excitations.
5 Conclusion and Discussion
The entanglement entropy is a useful quantity to describe the entanglement structure of
the CFT in vacuum state. It is also interesting to study the property of the entanglement
entropy after low excitation of the vacuum state. In this paper, we mainly focus on the
entanglement entropy property of the low excited state in higher derivative gravity by using
the holographic method. The variance of the HEE would contain more information of the
CFT after the low thermal excitation. The entanglement temperature will absorb the
contribution from higher derivative gravity. When assuming the bulk theories are Lovelock
gravity, one considers these solutions are the low excited state of vacuum of CFT. We just
turn on the low thermal excitation and we get the variance of the entanglement entropy for
sphere and infinite stripe profile. Combing the variation of energy of these subsystem on
the boundary, one can find a novel relation which is first law-like theorem for entanglement
entropy. Finally, we also obtain the entanglement temperature which is similar to [32]
and the coefficient absorbs the contribution of higher derivative gravity. We find that the
entanglement temperature should depend on the central charges of corresponding CFT in
strip shaped subsystem in 5-dimensional Lovelock gravity. The behavior of entanglement
temperature for the round ball shaped subsystem calculated in both 5-dimensional and
7-dimensional Lovelock gravity cases do not depends on CFT data.
Finally, we study more general low excited states in the Fefferman-Graham coordinates.
We get the general result of variance of entanglement entropy (4.16), which is related with
the t− t and y − y component of energy-stress tensor. The variance of the entanglement
entropy with the energy density and pressure which is normal to the entangling surface
in general excited states. At this stage, we can not conclude whether the first law-like
relation will be hold or not. We have show (4.18) shows that ∆S highly depend on the
configurations of subsystem and dynamic constrain of the perturbation. We also take a
subsystem A with a (d − 2)-dimensional sphere as an example to show the entanglement
temperature and the first law-like relation. This may give us more clues to study the
quantum entanglement structure of the low excited CFT and more insight to the probable
first law relation of entanglement entropy.
In the future, we would like to study the entanglement temperature and entanglement
density in general higher derivative gravity. Although there is no universal formula to count
the entanglement entropy in general higher derivative gravities, it is worth to try and check
whether the first and second law like theorem are correct. One more project is to study
the HEE and entanglement temperature of subsystem with other general configurations.
Finally, authors [48][49][50][51] have used potential construction approach to generate some
– 16 –
gravity solutions analytically. These solutions are good place to study the dynamics of
entanglement entropy [28].
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APPENDIX
A Variation of HEE
In this appendix, we will give a brief proof that the method to calculate the variance
of HEE with turning on low excitation is reasonable. The basic logic is that the low
excitation of the CFT corresponds to turning on small perturbation term related to mi in
the pure AdS background. The perturbation is described by some dimensionless parameters
m1...mi...mk, which are quite small, i.e., mi ≪ 1(1 ≤ i ≤ k). We only care about the
leading effect of mi in changing the classical configuration of entangling surface. The
holographic entanglement entropy is given by minimizing the functional SA of entanglement
surface M , which is parameterized by z = z(x, ..., y), where x, ..., y are the boundary
coordinates. When the perturbation is turn off, the background goes back to pure AdS,
we assume that the minimal SA(z0,mi = 0) corresponds to the surface m z = z0(x, ..., y).
Then
δSA
δz
|z=z0 = 0 (A.1)
with turning on the perturbation, SA is still functional of the bulk surface with the pa-
rameters mi(1 ≤ i ≤ k), i.e., S˜A ≡ SA(z;m1, ...,mk). In principle, we can variance SA and
get the minimal value with a solution z˜ ≡ z(x, ..., y;m1, ...,mk). With assuming that the
perturbation is quite small, we can expand z = z(x, ..., y;m1, ...,mk) up to first order of
the parameters mi(1 ≤ i ≤ k).
z(x, ..., y;m1, ...,mk) = z0(x, ..., y) + δz(x, ..., y;m1 , ...,mk). (A.2)
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We have denoted δz(x, ..., y;m1 , ...,mk) = miz
(i)(x, ..., y). We can also expand S˜A as
S˜A ≡ SA(z;m1, ...,mk) = SA(z,mi = 0) +miS(i)(z). (A.3)
After low thermal excitation, the holographic entanglement entropy should be
SA(z˜;m1, ...,mk) = SA(z0(x, ..., y) + δz(x, ..., y;m1 , ...,mk);m1, ...,mk)
= SA(z0(x, ..., y) + δz(x, ..., y;m1 , ...,mk))
+ miS
(i)(z0(x, ..., y) + δz(x, ..., y;m1 , ...,mk)) +O(m
2
i )
= SA(z0(x, ..., y)) +
δSA
δz
|z=z0δz(x, ..., y;m1 , ...,mk) +miS(i)(z0) +O(m2i )
= SA(z0(x, ..., y)) +miS
(i)(z0) +O(m
2
i ). (A.4)
Where we have used ( A.1). Finally, the variance of the holographic entanglement entropy
∆SA = miS
(i)(z0) + O(m
2
i ). In other word, the variance of the shape of the bulk surface
do not give contribution to variance of the functional SA up to O(mi).
B Surface term
In this subsection, we will list some details about the surface term which make the variation
to be well defined. The bulk surface M is parameterized as r = r(u) and z = z(u), with
ui ≤ u ≤ uf . So the boundary ∂M is the hypersurface u = ui. Using the induced metric
on M , we can get
RµνκσRµνκσ = 1
6
(RB − 12huuF˙ 2)2 + 16(∆uF + huuF˙ 2)2,
RµνRµν = 1
4
(
RB − 4(∆uF + 4huuF˙ 2)
)2
+ 16(∆uF + h
uuF˙ 2)2,
R2 = (RB − 8∆uF − 20huuF˙ 2)2. (B.1)
Where ∆uF ≡ 1√huu∂u
F˙√
huu
. The boundary is a 4-dimensional sphere with radius e2F L˜2,
we get RBij = 3hije2F L˜2 and RB =
12
e2F L˜2
, where hij is the induced metric on the boundary ∂M .
The normal outward unit vector to ∂M is nν = −
√
huuδuν . It is easy to get the extrinsic
curvature Kνµ = ▽νnµ|u=ui and its trace, where ▽ is defined on the bulk surface M can
be obtain as follows
Kuu = Kui = Kiu = 0, Kij = − F˙ hij√
huu
|u=ui . (B.2)
The surface term ( 3.5) are listed
K = − 4F˙√
huu
|u=ui , RBK = −e−2F
48F˙
L˜2
√
huu
|u=ui , RBijKij = −e−2F
12F˙
L˜2
√
huu
|u=ui ,
KKijKij = −16
( F˙√
huu
)3
|u=ui , KijKjkKik) = −4
( F˙√
huu
)3
|u=ui . (B.3)
– 18 –
The surface term can be expressed
Ssurfaceterm =
2π
ℓ5p
∫
dΩ4L˜
4e4F
(
− 4λ7L
2
3
F˙√
huu
− µ7L
4
8
(−e−2F 96F˙
L˜2
√
huu
+ 32(
F˙√
huu
)3
)
|u=ui .
=
2πS4L˜
4
ℓ5p
e4F
(
− 4λ7L
2
3
F˙√
huu
− µ7L
4
8
(−e−2F 96F˙
L˜2
√
huu
+ 32(
F˙√
huu
)3
)
|u=ui . (B.4)
Where S4 is the volume of the 4-dimensional unit sphere. Using ( B.1), we get ( 3.4) as
SA =
2πL˜4S4
ℓ5p
∫ uf
ui
du
√
huue
4F
[
1 +
λL2
6
((RB − 8∆uF − 20huuF˙ 2))
− µL
4
8
(e4F
24
L˜4
+ 120(huuF˙ 2)2 − e−2F 144h
uuF˙ 2
L˜2
+ 96∆uFh
uuF˙ 2 − e−2F∆uF 96
L˜2
)
]
+Ssurfaceterm. (B.5)
By integrating by parts, we get
SA =
2πL˜4S4
ℓ5p
∫ uf
ui
du
√
huue
4F
[
1 +
λ7L
2
6
(e−2F
12
L˜2
+ 12huuF˙ 2)
− L4µ7
(
e−4F
3
L˜4
− (huuF˙ 2)2 + e−2F 6
L˜2
huuF˙ 2
)]
− 8πλ7L
2L˜4S4
3ℓ5p
e4F
F˙√
huu
|u=ufu=ui
− 2πµ7L
4L˜4S4
ℓ5p
(
4e4F (
F˙√
huu
)3 − e2F 12
L˜2
F˙√
huu
)
|u=ufu=ui + Ssurfaceterm. (B.6)
As we can see the surface term exactly cancel the boundary contribution from the integra-
tion by parts. SA is
SA =
2πL˜4S4
ℓ5p
∫ uf
ui
du
√
huue
4F
[
1 +
λ7L
2
6
(e−2F
12
L˜2
+ 12huuF˙ 2)
− L4µ7
(
e−4F
3
L˜4
− (huuF˙ 2)2 + e−2F 6
L˜2
huuF˙ 2
)]
. (B.7)
To minimal functional, one can obtain the following configuration which can be parame-
terized r and z as
r(u) = f(u/R0) cos(u/R0), z(u) = f(u/R0) sin(u/R0), with ǫ ≤ u ≤ π
2
R0. (B.8)
One can find that SA is a functional of f(x):
SA =
2πL˜5S4
ℓ5p
∫ pi
2
ǫ/R0
dx
cos4(x)
sin5(x)
√
1 + (
d log f
dx
)2
[
1 +
λ7f∞
6
(12 tan2(x) + 12
1
cos2(x)
1
1 + (d log fdx )
2
)
− f2∞µ7
(
3 tan4(x)− 1
cos4(x)
(
1
1 + (d log fdx )
2
)2 + 6 tan2(x)
1
cos2(x)
1
1 + (d log fdx )
2
)]
. (B.9)
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From the above action, the equation of motion can be obtain
0 = cot4(x) csc(x)G′′(x)
(
2λf∞ + 3µ7f
2
∞ − 1
)
+ cot(x) csc(x)G′(x)7
(
f∞
(
4λ csc2(x)− 3µ7f∞
)
+ 2cot2(x)
(
λf∞ + 2csc
2(x)
)
+ cot4(x)
)
+
1
2
(cos(2x) + 9) cot3(x) csc3(x)G′(x)
(
− 2λf∞
− 3µ7f2∞ + 1
)
+
1
8
cot(x) csc5(x)G′(x)5
(
− 2λf∞ + 45µ7f2∞ − 12 cos(2x)
(
6λf∞ + 3µ7f
2
∞ − 5
)
− cos(4x) (6λf∞ + 9µ7f2∞ − 3)+ 57)
+
1
8
cot(x) csc5(x)G′(x)3
(
− 58λf∞ − 3µ7f2∞ − cos(4x)
(
6λf∞ + 9µ7f
2
∞ − 3
)
− 12 cos(2x) (8λf∞ + 9µ7f2∞ − 5)+ 57)
+ cot2(x) csc3(x)G′(x)2G′′(x)
(−4λf∞ − 15µ7f2∞ + cos(2x) (2λf∞ + 3µ7f2∞ − 1)− 1)
+ cot(x)G′(x)4G′′(x)
(
λf∞(cos(2x)− 5) cot(x) csc3(x)
+ 3µ7f
2
∞
(
4 csc2(x) + 1
)
sec(x) + cot3(x)(− csc(x))
)
(B.10)
with G(x) = log f(x). Where the prime is derivative with respect to x. The Euler-
Lagrange equation allow a solution that f = Constant. The minimal value of functional
SA corresponds to the surface M classically.
r(u) = R0 cos(u/R0), z(u) = R0 sin(u/R0), with ǫ ≤ u ≤ π
2
R0. (B.11)
Where we have used boundary condition f(u/R0) = R0.
C Energy momentum tensor on the boundary theory
In this section, we would like to deal with the energy momentum tensor of CFT when
the dual gravity are 5-dimensional AdS GB gravity and 7-dimensional Lovelock gravity
respectively. To define the proper boundary stress-energy tensor, the total gravitational
action should have following contribution from three parts[42][43]
I = Ibulk(gij) + Isurf(gij) + Ict(γij). (C.1)
Ibulk(gij) denotes for the bulk dynamics, Isurf(gij) denotes for surface terms contribution
and Ict(γij) denotes the terms to make the total action to be finite.
C.1 5-dimensional Lovelock gravity
The 5-dimensional gravity action with the Gauss-Bonnet term in the bulkM with a bound-
ary ∂M is[52][53][54]
Iren =
1
2ℓ3p
∫
M
d5x
√−g[ 12
L2
+R+
λ5L
2
2
L4]
− 1
2ℓp
3
∫
∂M
d4x
√−γ
[
2K − 3
L
+ 2λ5L
2
(
J − (Rij − 1
2
Rγij)K
ij
)]
+ Ict,
(C.2)
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with
Jij =
1
3
(2KKikK
k
j +KklK
klKij − 2KikKklKlj −K2Kij), J = Jijγij . (C.3)
Where Kij and K are respective the extrinsic curvature and its trace of the boundary ∂M ,
γij is the induced metric on the boundary ∂M , Rij and R are respective the induced Ricci
tensor and Ricci scalar of the boundary ∂M . The metric of the bulk theory is (2.6). To
regulate the theory, we restrict to the region z ≥ ǫ and the surface term is evaluated at
z = ǫ. As the boundary is flat the term Rij and R do not contribute. The induced metric
γij =
L˜2
ǫ2 gij(x, ǫ), where the leading term of gij(x, ǫ) expanded as ǫ is the flat metric g
ij
(0).
Then the one point function of stress-energy tensor of the dual CFT is given by [42][43]
Tij =
2√− det g(0)
δIren
δgij
(0)
= lim
ǫ→0
( L˜2
ǫ2
2√−γ
δIren
δγij
)
. (C.4)
Two terms will contribute to the finite part of boundary energy-stress tensor according to
(C.2), one is from the O(ǫ2) of the Brown-York tensor TBYij on the boundary z = ǫ, with
TBYij = −
1
ℓ3p
[
(Kij −Kγij) + λ5L2(3Jij − Jγij)
]
, (C.5)
other one is from the counter term. In our case, the counter term is very simply for the
boundary is flat. There is only one necessary counter term
Ict = − 1
ℓ3p
∫
∂M
ddx
(d− 1)√−γ
L′
, (C.6)
where L′ depends on L and Gauss-Bonnet parameter λ5. The explicit formula about L′
for (C.2) is
L′ =
3L˜3L
−3L˜3 + 3L˜2L+ 2L3λ5
. (C.7)
Directly evaluate (C.5) using (2.6), we get
Ttt =
3mL˜3(1− 2λ5f∞)
2ℓ3p
. (C.8)
We can see that the contribution tensor from Gauss bonet gravity is related to the term
which is proportional to λ. If one turns off the Gauss-Bonnet correction, the energy density
can be reduced to that of CFT with the dual pure Einstein gravity[32].
C.2 7-dimensional Lovelock gravity
In this subsection, we will deal with energy momentum tensor in the 6-dimensional CFT
with the dual 7-dimensional Lovelock gravity. We recall that the gravity action should
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be[54]
Iren =
1
2ℓ5p
∫
d7x
√−g( 30
L2
+R+
L2
12
λ7L4(R)− L
4
24
µ7L6(R))
− 1
2ℓ5p
∫
d6x
√−γ
[
2K − 5
L
+
λ7L
2
3
(
J − 2(Rij − 1
2
Rγij)K
ij
)
− µ7L
4
4
(
P − 2G˜ijKij − 12RijJ ij + 2RJ − 4KRijklKikKjl − 8RijklKikKjmKml
)]
+ Ict. (C.9)
with
Pij =
1
5
[(
K4 − 6K2KmnKmn + 8KKmnKnkKkm − 6KmnKnkKklK lm + 3(KmnKmn)2
)
Kij
− (4K3 − 12KKklKkl + 8KmnKnl K lm)KikKkj − 24KKilK lkKkmKmj
+ 12(K2 −KmnKmn)KilK lkKkj + 24KikKklKlmKmnKnj
]
, P = γijP
ij (C.10)
and
G˜ij = 2(RikmnR
kmn
j − 2RikjlRkl − 2RikRkj +RRij)
−1
2
(RijklR
ijkl − 4RijRij +R2)γij . (C.11)
we can get the dual CFT stress-energy tensor using the same procedure mentioned in above
section, (C.4) should be
Tij =
2√− det g(0)
δIren
δgij(0)
= lim
ǫ→0
( L˜4
ǫ4
2√−γ
δIren
δγij
)
. (C.12)
The Brown-York tensor is
TBYij = −
1
ℓ5p
[
(Kij −Kγij) + λ7L
2
6
(3Jij − Jγij)− µ7L
4
8
(5Pij − Pγij)
]
. (C.13)
The counter term is still as the form (C.6), but L′ should also depend on the new parameters
λ7 and µ7. The explicit formula about L
′ for (C.9) is
L′ =
15L˜5L
−15L˜5 + 15L˜4L+ 10L˜2L3λ7 + 9L5µ7
. (C.14)
In our special asymptotically AdS7 background ( 3.7), the boundary is regularized at z = ǫ,
the boundary is flat, we obtain t− t component of the energy-stress tensor,
Ttt =
5mL˜
(
L˜4 − 2L˜2L2λ7 − 3L4µ7
)
2ℓ5p
=
5mL˜5 (1− f∞λ7)2
2ℓ5p
(C.15)
Where we have used the constraint condition µ7 = −λ23 and L˜2 = L
2
f∞
in the last step.
As a consistent check, if one turns off the Lovelock gravity, one can reproduce the energy
density of CFT which is dual to pure Einstein gravity.
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